Offshoring -the importing of intermediate materials and services -has expanded rapidly in most industrialized countries and its impact on the labor markets in these countries has been the source of enormous debate in both scholarly and popular circles. Since data on imported inputs at the sectoral level are not available for the US and the UK, empirical research has relied entirely on a proxy-based measure offshoring, using what the OECD refers to as the "proportionality assumption". That is, every sector is assumed to import inputs of each material and service in the same proportion as its economy-wide use of that input.
Introduction
Offshoring -the importing of intermediate materials and services -has expanded rapidly in most industrialized countries and its impact on the labor markets in these countries has been the source of enormous debate in both scholarly and popular circles. 1 Since data on imported inputs at the sectoral level are not available for the US and the UK, empirical research has relied entirely on a proxy-based measure offshoring, using what the OECD refers to as the "proportionality assumption" (Grossman and Rossi-Hansberg, 2006) . The US Bureau of Economic Analysis, for example, collects data on input use, but does not break out imported from domestically-produced inputs. Lacking information on a sector's imports of each input, researchers have instead applied the economy-wide import penetration ratio for a material or service input to approximate the imported input share of that material or service by all sectors. That is, every sector is assumed to import inputs of each material and service in the same proportion as its economy-wide use of that input. Without the information on imported input use, the proportionality assumption has been accepted in most major studies of the level and impact of offshoring.
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To date, there has been no way to assess the extent of error in measurement introduced by the use of the proportionality assumption, but recent data for Germany provide a test. German inputoutput data differentiate between domestically purchased inputs and imported inputs, which permits us to calculate a direct measure of sectoral imported input use. In this paper, we compare this measure to the proxy-based measure based on the standard proportionality assumption. We find that the direct measure differs significantly from the proxy-based measure for both services and materials offshoring. To assess the significance of using different measures, we substitute them for each other in standard labor demand equations. We find that using the direct measure of offshoring gives very different results for labor demand -sometimes of opposite signcompared to estimates using the proxy-based measure. For example, using the proxy-based measure, services offshoring is found to have a positive and statistically significant effect on German employment. Using the direct measure, the estimated employment effect is significantly negative. This result is robust to a number of specifications and estimation techniques. 1 For a concise survey of the scholarly literature on employment and wage effects of offshoring, see Milberg and Schöller (2008) . For a discussion of the parallels between the scholarly and popular debates, see Milberg (2008) . 2 The assumption was first used by Hanson (1996, 1999) and has been adopted in all major studies, for example, Hummels et al. (2001) , Wei (2005, 2006) and Grossman and Rossi-Hansberg (2006) . Further discussion of the proportionality assumption can be found in National Research Council (2006) .
We perform a simple decomposition of the proxy-based measure and find that it fails to accurately capture the cross-sectoral variation in offshoring intensity because -as a result of the proportionality assumption -it is heavily influenced by the cross-sectoral variation in domestic input demand. The implications of our findings go beyond the case of Germany. They indicate that researchers must be cautious about drawing policy conclusions from estimates using the proxy-based measure of offshoring when we know, at least in the case of Germany for [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] , that the direct measure gives a very different result. This paper has five sections. In section 2 we discuss the alternative measures of offshoring -the direct measure and the proxy-based measure -differentiating between services and materials offshoring intensities, and present our calucations on these two measures for Germany in 1995 and 2004 . In section 3 we look at the source of the apparent error in the proxy-based measure.
Section 4 presents the econometric analysis of offshoring and labor demand using the two measures and confirms the error of the proxy measure. In Section 5 we conclude with a discussion of the implications for future research and data collection.
Offshoring Intensity
In this section, we calculate the direct and proxy measures of services and materials offshoring intensity for Germany from 1995 to 2004. The analysis uses annual input-output data from the German Federal Statistical Office (FSO). Input-output tables focus "on the interrelationships between industries in an economy with respect to the production and uses of their products and the products imported from abroad. In a table form […] the economy is viewed with each industry listed across the top as a consuming sector and down the side as a supplying sector" (UN, 1999, p. 3) . We extract a symmetric 43-sector matrix from the original input-output tables containing 71 sectors, including all 36 manufacturing sectors in the original tables and seven of the 27 services sectors. We drop the primary sector (sectors 1-3) and the sectors 'mining' and 'quarrying' of the secondary sector (sectors 4-8) as they generally have little or no offshoring activity. 'Total non-energy inputs' in equations (1) and (5) contain all 36 material inputs plus the seven service inputs selected above. For a list of the 43 sectors covered, see Appendix 1.
In the following, we use the term "inputs" when we refer to the supplying sectors. The selection of the seven service inputs out of 27 follows the aggregation of Kalmbach et al. (2005) and includes tradable business activities. Business activities comprise 'other business activities' (sector 62), as well as the following six sectors: post and telecommunications; financial mediation (except insurance and pension funding); activities related to financial mediation; rental of machinery and equipment; computer and related activities; research and development (sectors 54, 55, 57, 59-61) . We exclude 'wholesale, trade and commission excl. motor vehicles' services from the original definition, since in our view they do not represent typical offshoring services. Abramovsky et al. (2004) , for instance, classify them as non-business services. Consumerrelated 3 and social services 4 are also not considered, since the former in general do not represent typical offshoring services and the latter are not tradable.
Direct and Proxy Offshoring Intensity Measures
In this section we present the two measures of offshoring intensity: a direct offshoring intensity measure that uses direct information on imported input use and a proxy offshoring intensity measure that adopts the proportionality assumption that all sectors import an input at the economy wide rate. We explain the two different concepts by using the example of services offshoring intensity. These definitions can be applied analogously to materials offshoring intensity.
The direct services offshoring intensity (DOS) measures the share of imported service inputs s in total non-energy inputs used by sector i at time t and is calculated as follows:
imported input purchases of service s by sector i DOS total non energy inputs used by sector i 
The direct services offshoring intensity across all service inputs s for sector i at time t is calculated by taking the sum over all DOS ist :
The sectoral services offshoring intensity DOS it should not be confused with DOS st , which represents the average offshoring intensity of a certain service input s across all sectors i. This is 3 Sectors within the classification of the FSO: 45, [47] [48] [49] [50] [51] [52] [53] 56, 58, [69] [70] [71] 
The second measure is the proxy services offshoring intensity (POS) which uses a proxy for the proportion of the imported service input s used in home production, defined as follows (see e.g. Feenstra and Hanson, 1996) : 
The first bracket gives the share of the purchased service input s in total non-energy inputs for sector i at time t, which we call the sectoral input share. However, the first ratio does not distinguish between domestically and foreign purchased inputs. Offshoring focuses solely on inputs purchased from abroad. Therefore, the second bracket gives an adjustment based on the share of total imported inputs s (the numerator) in the entire domestic disposability of this input s (the denominator), where the latter is composed of home production plus imports minus exports at time t. We call the second bracket of equation (3) the overall import share.
The proxy services offshoring intensity POS ist of service input s in sector i is equal to the product of the two ratios. The proxy measure is based on the assumption of the same import share of service input s for all sectors, irrespective of actual sectoral differences. In Germany, for instance, the overall import share of other business activities was 4.5% in 2004. Hence, an import share of 4.5% is assumed for each sector i in the calculation of the sectoral import intensities for 2004. POS it, POS st and POS t are defined analogously to equations (2), (3), and (4).
We calculate direct and proxy materials offshoring intensities (DOM and POM) analogously to the services offshoring intensities.
The definition of offshoring intensity suffers from three related shortcomings. The first two concern both offshoring intensity measures, whereas the last one only holds for the proxy offshoring measure. First, the numerator underestimates the actual offshoring values, since import prices -used here for the calculation of the offshoring measure -are generally lower than the actual purchase prices of these inputs. Second, total non-energy inputs only include purchased inputs, but not self-produced inputs used by sector i, which underestimates the denominator. Third, the application of the same import share of across all sectors in the proxy offshoring intensity is not accurate, since not every sector uses imports to the same extent. Thus, the offshoring intensity cannot be exactly measured (Amiti and Wei, 2005) .
The first two shortcomings are mutually offsetting and the direct offshoring intensities presents a good measure for the proportion of imported inputs being used by sector i at time t. However, the third shortcoming -the proportionality assumption that applies the same import share to all sectors i in the proxy offshoring intensity measures -could constitute a major problem, since much of the import-induced cross-sectoral variation gets lost. Because of lack of data on the direct import of intermediates, the proxy measured is used in all major studies of offshoring. (1) to (5), subscript m stands for material inputs. In the case of materials offshoring, we find the reverse: the proxy measures tend to be higher than the direct measures. Cross-sectoral standard variations, on the other hand, are higher for the proxy measure than for the direct measure which we will explain in section. (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . Weighted average across all sectors i by total non-energy inputs at time t.
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Error in Capturing Cross-Sectoral Variation Using the Proxy Measure

Loss of Cross-Sectoral Variation
In the following, we are interested how the proxy measure influences the cross-sectoral variation of offshoring, i.e. the variation across all sectors considered. In equation (5), we distinguished between the "sectoral input share" (first bracket) and the "overall import share" (second bracket).
Accordingly, we can attribute the cross-sectoral variation of the proxy measure in equation (5) to the "input-induced variation", i.e. the variation in the first bracket across all sectors, and the "import-induced variation", i.e. the variation in the second bracket across all sectors.
Let us study the import-induced variation of the proxy measure compared to the direct measure in a first step. Applying the same overall import share for a service input s over all sectors i constitutes a major loss of cross-sectoral variation, which we will show in the following. Let us assume that a sector i only purchases two service inputs, s 1 and s 2 . Then, the calculation of POS it for a sector i at time t is given by: 
Now imagine the calculation of POS it for a sector j (with j i  ) which uses the same kinds of inputs as sector i at time t. We can see from equation (6) that only the first bracket of each summand -i.e. the input-induced variation -differs from sector i, while the second bracket of each summand remains as in sector i, -i.e. there is no import-induced variation across sectors.
As a consequence, the cross-sectoral variation in offshoring intensities is solely determined by the input-induced variation. The application of the proportionality assumption thus lowers the import-induced cross-sectoral variation.
Influence of Domestically-Purchased Inputs
We now analyze the input-induced variation of the proxy measure. As we have shown in the previous section, the cross-sectoral variation of POS it is only determined by the input-induced variation, because of the proportionality assumption. Note that the term input-induced variation in opposition to import-induced variation could be misleading, as it includes both the variation of domestically purchased inputs and the variation of imported inputs of s. In the following section we show that this can lead to a biased sectoral input share (first bracket in equation 5), because the cross-sectoral variation is mainly determined by domestically purchased inputs.
The sectoral services offshoring intensities for the 36 manufacturing sectors using direct and proxy measures are plotted in Appendix 3. One can see that the two measures differ for each sector. The cross-sectoral standard deviations per year (on bottom) are stronger for the DOS it measures. Consequently, the standard deviation of the DOS st measures is also higher compared to that for POS st , as already shown in Table 1 . The category 'other business services', for instance, shows a standard deviation of 1.03% in 1995 using the DOS t measures, while the standard deviation is only 0.41% for the POS t measures.
Similar differences between the direct and the proxy measure can be detected for materials offshoring intensity. Appendix 4 shows the sectoral materials offshoring intensities in manufacturing using both measures. Despite the loss in import-induced variation explained in section 3.1, the cross-sectoral standard deviations of POM it are higher than those for DOM it .
Likewise, the cross-sectoral standard deviations for the POM mt measures are also higher compared to the DOM mt measures (see Appendix 2).
Why are there such differences in the standard deviation across sectors between the direct and proxy measures? In the following, we show the extent to which domestically purchased inputs as opposed to imported inputs influence the input-induced variation. To do this, we introduce two domestic outsourcing variables to reflect the amount of home-purchased service inputs and home-purchased material inputs. The domestic services outsourcing intensity HPS is calculated as follows: According to this definition, summing up equations (7) and (1) yields the left bracket of equation (5) HPS it , which is reflected in an average correlation of 0.9. This means that most of the crosssectoral variation in POS it is in fact determined by the domestic services outsourcing intensity and not by imported service inputs. Despite the fact that the POM it measure shows an overall correlation with the domestic materials outsourcing intensity HPM it of almost zero, the sectoral data reveal that 22 sectors have a pairwise correlation of more than 50%. This is due to the fact that some sector pairs show positive and others have a negative correlation. We explain these differences by the fact that the ratio of domestic to imported inputs is much higher in services than in materials (see Figures 1 and 2 ). The influence of domestic outsourcing, and thus the error, would seem to be less severe for materials compared to services. Source: Own calculations. Data: FSO, revised input-output tables (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) . Weighted average across all sectors i by total non-energy inputs at time t.
We conclude that the input-induced variation is mostly determined by domestically purchased inputs, which is stronger in the case of service inputs. A high standard deviation of the domestic outsourcing variables thus influences the variation in the proxy measure. To support our hypothesis, we present the sectoral domestic outsourcing intensities and their standard deviations in Appendix 5. The standard deviations of HPS it. and HPM it are much higher than the respective standard deviations of DOS it and DOM it , which implies a strong influence of domestically purchased inputs on the variation of POS it and POM it . Moreover, the standard deviations of HPM it (with 36 material inputs) across all sectors are higher than the standard deviations of
HPS it. (with seven service inputs).
To sum up: the use of proxy measures significantly influences the degree of cross-sectoral variation. First of all, the cross-sectoral variation of the proxy measure is only determined by the input-induced variation due to the proportionality assumption, since there is by assumption no cross-sectoral variation in the overall import shares. In general this implies less cross-sectoral variation in the proxy measure of offshoring. Second, the input-induced variation is to a large extent determined by domestically purchased inputs, which can have an upward or downward effect on the cross-sectoral variation, depending on the cross-sectoral variation in domestic input demand compared to that for imported inputs. In our specific case, we detected a lower crosssectoral variation in the proxy measure for services, but a higher cross-sectoral variation for materials. This indicates a strong upward effect of the input-induced variation for materials on the cross-sectoral variation.
These two effects lead in general to erroneous measurement, and this error may be particularly important when the proxy measure is used in cross-sectoral analysis of offshoring. We test this hypothesis in the next section, where we measure the impact of services offshoring on labor demand in German manufacturing using both the direct and the proxy offshoring measures.
Offshoring and Labor Demand in Germany
Empirical Model
We use a standard model of labor demand, following the labor demand specification of Hamermesh (1993) . A firm's linearly homogenous production function F with constant returns to scale is described as follows: T represents a change of the production function due to offshoring.
The corresponding linearly homogeneous cost function, conditional on the level of output Y, is the following:
where w designates wages, r the rental rate on capital, , ,
In log-linear form, we can write:
In this form, the equation results in the employment-output elasticity Y  , the price elasticity of demand for labor L  , the cross-elasticity of demand for labor due to a change in the rental rate on capital K  , the cross-elasticities of demand for labor due to a change in input prices for services, goods, and technology ,
Wages are observed directly, but some choices must be make on the specification of the input prices. The rental rate on capital, r , is assumed to be the same for all companies and to be a function of time r=f(t). r is not directly included in the estimation model, but will be captured by adding fixed-year dummies. The input prices for service and material inputs (2005), we use offshoring intensities as an inverse proxy for import prices of services as well as of materials. The lower are the prices of imported services or material inputs, the higher the offshoring intensities should be. Therefore, we use the offshoring variables as inverse proxies for imported input prices.
Winkler (2009) uses the previously calculated domestic outsourcing intensities HPS and HPM as an inverse proxy for the prices of home-purchased service and material inputs. However, these variables can only be calculated using the domestic input matrices of the input-output tables.
Unlike the offshoring intensity measures, we do not know an alternative proxy measure for domestic outsourcing intensities. Therefore, we do not include HPS and HPM in the regressions.
This also makes our study more comparable with other studies that do not include domestic outsourcing intensities (e.g. Wei, 2005, 2006 Shephard's Lemma (1953) factor demand is determined by the first partial derivative of the cost function with respect to the corresponding factor price, regardless of the kind of production function.
because falling prices of technology inputs T p are expected to be reflected in higher offshoring intensities.
Equation (11) thus reduces to:
Note that OS and OM have two functions in equation (12). First, they are used as (inverse)
proxies for other foreign input prices, and second, they are used as (inverse) proxies effect. Second, offshoring could augment productivity via T, so that less labor is needed for the same amount of output (productivity effect). The substitution effect influences labor demand in a direct manner, whereas the productivity effect is indirect.
Besides these two negative effects, scale effects could influence labor demand positively. If productivity effects lead to lower prices, this would be expected to be associated with a greater quantity demanded, in turn increasing the demand for labor. Thus, the net effect of offshoring is not clear. If the negative substitution or productivity effects are larger than the positive scale effects, then η OS < 0 and η OM < 0. If the scale effects dominate the other effects for all variables, we would expect η OS > 0 and η OM > 0
Estimation Results
We estimate the effect of offshoring on labor demand using the consistent fixed effects estimator which allows unobserved time-constant sector-specific effects i c to be correlated with some explanatory variables it x . All estimations produce standard errors robust to both heteroscedasticity (Huber-White sandwich estimators) and any form of intra-cluster correlation. Table 2 shows the results using the fixed effects estimator including all sectors, Table 3 shows the results excluding outliers 'pharmaceuticals' and 'recycling', and Table 4 applies the instrumental variables two-stage least squares (IV 2SLS) estimator to control for potential endogeneity of the offshoring variables. The correlation matrix, summary statistics and data description can be found in Appendices 7 to 9. In each case we consider instantaneous effects and additional one-period lags of the independent variables. Employment is associated with income and wages in the predicted fashion under all estimation techniques, whether the estimation includes proxy or direct measures of offshoring.
In all cases the income variable (contemporaneous and one-year lag) is positive in most cases statistically significant. Similarly, the wage variable (contemporaneous and one-year lag) is always negative and in most cases significant. When lagged values of these variables were included, they were in all cases jointly significant with the contemporaneous value (see joint significance tests at the bottom of each table).
There are different results, however, for the offshoring variables depending on if they are measured in a direct or proxy fashion. In the fixed effects models (both with and without outliers), materials offshoring varies from positive to negative, but is statistically insignificant in all models. In the IV 2SLS estimated with year fixed effects without outliers (Table 4) , the direct measure of materials offshoring is negative and significant in columns (1) and (3) and insignificant in (2) and (4). The proxy measure of offshoring has a negative sign in all cases, and the effect is larger and statistically significant at a higher level in columns (5) and (7). The dramatic differences in the results between proxy and direct measures occurs with services offshoring. In the fixed effect estimations (Table 2) , the proxy variable has a positive and statistically significant coefficient in columns (5) and (7). The direct services offshoring measure has a negative sign in all cases and is significant in contemporaneous form in model (1) and in lagged form in models (2) and (4). A very similar result occurs when outliers are removed (Table   3 ). In the IV 2SLS fixed effects estimations (Table 4) , the direct services offshoring variable is negative and significant when year fixed effects are not included (columns 1 and 3). By comparison, the coefficient on the proxy measure of services offshoring (models 5-8) is always positive and statistically insignificant.
Concluding Remarks
The proportionality assumption in the measurement of offshoring has been adopted in all the major empirical, input-output based studies of offshoring. In this paper we provide a first assessment of the merits of that assumption. Since Germany collects imported inputs directly, we were able to construct a direct measure of offshoring to compare to the proxy measure, where the proxy measure was constructed with the proportionality assumption. We estimated the effect of offshoring on German labor demand for a sample of 36 sectors over the period 1995-2004 and found that the direct and proxy measures of offshoring give very different results, especially in the case of services offshoring. In many cases where the proxy measure gives a positive and insignificant coefficient, the direct measure has a negative and significant coefficient. This finding is robust to different estimation techniques.
We also performed a simple decomposition of the proxy-based measure. We find that the proxy measure fails to accurately capture the cross-sectoral variation in offshoring intensity becauseas a result of the proportionality assumption -it is heavily influenced by the cross-sectoral variation in domestic input demand. More precisely, the cross-sectoral variation of the proxy measure is only determined by the input-induced variation, and the input-induced variation is to a large extent determined by domestically-purchased inputs.
The implications of our findings go beyond the case of Germany. Researchers must be cautious about drawing policy conclusions from estimates using the proxy-based measure of offshoring when we know, at least in the case of Germany for [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] , that using a direct measure sometimes gives the opposite result. Whereas the proxy measure would support the view that workers should have no "fear of offshoring", the direct measure indicates that offshoring has a negative effect on labor demand. The two results would support very different policy prescriptions. Researchers relying (because of a lack of data) on the proxy measure should be very cautious interpreting the results of their analysis.
Given our results, we would urge that industrialized countries seek to improve data on imported intermediates along the lines suggested by Sturgeon (2006) . This would be especially important for the US, the UK, and Japan, where offshoring levels and their labor market effects are known to be significant and the subject of considerable policy debate. Labor demand is mapped using sectoral employment data from the inputoutput tables. The number of employees is preferred to the number of total employment. The latter considers all persons that are engaged in domestic production of a country, whereas the former excludes self-employed an unpaid family workers and better reflects the workforce of companies that is exposed to layoffs due to offshoring.
Appendices
DOMit POMit
HPSit HPMit
Sector-specific labor compensation of employees is used as a measure for disaggregated wages w and is retrieved from the OECD STAN Industrial Database based on Federal Statistical Office data. Labor compensation consists of annual wages and salaries of employees at a sectoral level paid by producers as well as supplements such as contributions to social security, private pensions, health insurance, life insurance and similar schemes. Labor compensation instead of gross wages and salaries is chosen, since labor demand is rather driven by a firm's entire labor costs. Some sectors only have wage data available at a more aggregated level. Therefore, disaggregation is acquired weighting the wage data by its sectoral output share.
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The data is divided by the respective sectoral employment to calculate average annual labor compensation per employee. As labor demand depends on real wages, an appropriate price index is needed.
Therefore, sectoral producer price indices from the Federal Statistical Office are used, since producer prices rather than consumer prices matter.
10 Producer price indices are available at several aggregation levels (28, 107 and 225 sectors). Since some producer prices at the required input-output aggregation level were not available, we used producer prices of more disaggregated sectors (within the same industry) as a proxy, because similar price trends can be expected there. This procedure was also done in cases where years were missing.
